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Coarctation of the aorta is usually found in the
aortic isthmus near the ligamentum arteriosum.
Nonarteriosclerotic and nonarteritic stenosis of the
descending and abdominal aorta is observed rather
infrequently. If the suprarenal or interrenal abdomi-
nal aorta is involved, additional stenoses or occlu-
sions of renal and visceral arteries may occur.
The rarity of the disease together with its great
variety of morphologic findings makes it a fascinat-
ing entity, especially to the vascular surgeon who is
confronted with these often complex lesions. We
report our experience with the treatment of 15
patients with descending and abdominal aortic
coarctations (DAACs) who were operated on and
followed during a 4- to 25-year period.
PATIENTS AND METHODS
From 1971 through 1992, 15 patients (10
female and 5 male patients; age range, 8 to 57 years)
were operated on for DAAC (Table I). Patients were
not classified as having DAAC when preoperative
(calcification on computed tomography [CT] scan
with normal outer aortic diameter), intraoperative
(impression of the surgeons), or pathohistologic
findings suggested atherosclerotic stenosis. Patients
fulfilling the clinical, angiographic, or pathohisto-
logic criteria of nonspecific aortoarteritis1 also were
excluded from this series. DAAC was associated with
neurofibromatosis in three cases and with fibromus-
cular dysplasia in one. The remaining 11 cases were
classified as congenital because no underlying dis-
ease could be identified.
Eleven patients had severe hypertension, which
was not sufficiently controlled with multidrug treat-
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ment. In seven of these patients, cardiomegaly was
documented on preoperative chest radiographs. All
had exertional dyspnea. Six patients had bilateral
claudication, which was the leading complaint (stage
II b) for two of them. Two patients with infrarenal
coarctations were operated on for poststenotic
aneurysms (greater than 5 cm). In all patients, the
pretreatment urea and creatinine serum levels essen-
tially were normal; none had intestinal angina. 
Nine patients had short, spindle-shaped aortic
stenoses, and seven had long hypoplastic segments
(one patient had both at different levels of his aorta).
Five of the coarctations were found in the suprarenal
aorta, four were found in the interrenal aorta, and
seven were found in the infrarenal aorta. In two
patients with short infrarenal stenoses, additional
poststenotic aortic aneurysms had developed, one of
which was ruptured at the time of presentation. In
six patients, stenoses of eight renal arteries were
detected, with poststenotic aneurysms in three.
Three patients had stenosis or occlusion of celiac
trunk or superior mesenteric artery.
In nine patients, a thoracoabdominal aortoaortic
bypass (TAAAB) was implanted. Eight patients
underwent left thoracotomy and separate median
laparotomy with retroperitoneal bypass position. In
patient 13, because of a left fibrothorax after surgi-
cal repair of an anomalous pulmonary venous con-
nection, an ascending-to-infrarenal TAAAB was
implanted through a median thoracolaparotomy.
Patch aortoplasty was performed in three patients,
and infrarenal aortoaortic graft interposition was
performed in two. The patient with the ruptured
poststenotic aneurysm died as a result of exsan-
guination during laparotomy before any reconstruc-
tion could be performed. Seven of the eight renal
arterial stenoses were corrected during primary
surgery: one through reinsertion of a left renal
artery into a thoracoabdominal bypass and six
through renal bypasses (three vein bypasses, two
Dacron grafts, and one polytetrafluoroethylene
[PTFE] graft). Obstructed celiac arteries were not
revascularized.
Pathohistologic examination of excised wall seg-
ments of the aorta or other arteries was possible in
six cases. Nonspecific fibrotic changes of the aortic
wall were found in four patients (patients 1, 4, 5,
and 7). In two patients, samples of the renal arteries
were taken for biopsy. The first (patient 6) showed
changes typical of fibromuscular dysplasia. In the
second patient with known neurofibromatosis
(patient 8), Schwann cell clusters were found in the
wall of the renal artery aneurysm.
All 14 surviving patients were followed by their
general practitioners because most of them lived in
different parts of Germany. In case of recurring
symptoms, all were referred to our center for
reevaluation. One patient died 21 years after the
initial operation as a result of complications of her
cardiovascular disease at the age of 78. During
1996 through 1997, the remaining 13 patients
were seen again at our institution. All had an exam-
ination that included blood pressure measurements
of the upper and lower extremities, serum mea-
surements of urea and creatinine levels, and a tho-
racoabdominal spiral CT.
RESULTS
Postoperative course. There was one intraop-
erative death, which was due to exsanguination after
the rupture of a poststenotic aneurysm of the
infrarenal aorta. The case of this patient (patient 2)
was reviewed extensively earlier.2 Twelve of 14 sur-
viving patients were discharged free of symptoms.
Two patients were still hypertensive. Hypertension
probably was not of renovascular origin in one
patient (patient 15) and was easily controlled with
single-drug medication. The second patient (patient
8) had bilateral renal arterial stenoses; only the right
stenosis was treated during the initial operation.
After a left splenorenal PTFE bypass at 8 months, he
remained normotensive throughout the study peri-
od. Four patients experienced minor postoperative
complications after TAAAB (lobar atelectasis and
serothorax in two patients each), which were treated
conservatively.
Late complications. One patient (patient 14)
was found to be markedly hypertensive again at 6
years. His right renal artery, which had been essen-
tially normal at the initial operation, had developed
a long stenosis (Fig. 1). Unfortunately, he has
refused a repeat operation. Another patient (patient
1) had recurrent hypertension at 7 years.
Angiography showed stenosis of the aortic anasto-
mosis of her right renal vein bypass. After patch
angioplasty, she has remained normotensive.
A small aneurysm diagnosed 11 years after
infrarenal patch aortoplasty (patient 10; Fig. 2) is
still under observation (stable diameter at 13 years).
A recurring renal arterial aneurysm after a right aor-
torenal Dacron graft (patient 8) afforded right
nephrectomy at 13 years after ex situ reconstruction
was found to be impossible. Aortic anastomotic
aneurysm of a left renal vein bypass (patient 6) was
treated with PTFE repeat bypass at 17 years.
One patient (patient 3) died 21 years after
infrarenal aortic graft interposition at the age of 78
as a result of complications of her cardiovascular dis-
ease. Since the time her coarctation had been cor-
rected, she had been completely free of claudication. 
Status at last follow-up. All 13 surviving
patients could be reevaluated during 1996, between
4 and 25 years after the initial operation. Ankle-to-
brachial pressure indexes were normal in all patients,
as were urea and creatinine level measurements.
Eleven of the 13 patients were completely free of
symptoms as far as exertional dyspnea, claudication,
and hypertension were concerned. One patient had
nonrenovascular hypertension that was easily con-
trolled with single-drug medication. The only
patient of this series with recurrent severe hyperten-
sion at long-term follow-up refused repeat operation
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Table I. Clinical data for 15 patients with thoracoabdominal aortic coarctation
Morphology
Patient Year Sex Age (yr) Symptoms Aorta Renal arteries Other
1 1971 F 16 H Infrarenal LRA-S SMA-O




3 1975 F 57 C, A Infrarenal, — —
post-
stenotic A
4 1977 M 20 H Infrarenal RRA-S, RRA-A —
5 1978 F 46 C Infrarenal — —
6 1979 F 15 H, FD Interrenal LRA-S, LRA-A —
7 1980 F 18 H, NF Interrenal RRA-S, LRA-S —
8 1981 M 13 H, NF Suprarenal and RRA-S, RRA-A, TRC-S
interrenal LRA-S
9 1982 M 21 H Interrenal LRA-S —
10 1984 M 20 C Infrarenal — —
11 1987 F 8 H Suprarenal — —
12 1987 F 27 H, NF Suprarenal — —
13 1989 F 41 C, H Suprarenal — —
14 1989 M 20 C, H Suprarenal, — SMA-O
double
channel
15 1992 F 68 C, H Infrarenal — —
A, Aneurysm; C, claudication; F, female; FD, fibromuscular dysplasia; FOS, free of symptoms; H, hypertension; LRA, left renal
artery; M, male; NF, neurofibromatosis; NT, normotensive; O, occlusion; PTA, percutaneous transluminal angioplasty; RNX, right
nephrectomy; RRA, right renal artery; S, stenosis; SMA, superior mesenteric artery; TAAAB, thoracoabdominal aortoaortic bypass;
TRC, celiac trunk.
for correction of his right renal arterial stenosis diag-
nosed at 6 years. 
Spiral CT with three-dimensional reconstruc-
tion, maximum intensity processing, or both were
suitable for delineation of all aortic and renal
bypasses. Aortic patch and anastomotic aneur-
ysms, as well as a renal arterial stenosis, were easi-
ly visualized. 
DISCUSSION
Etiology and epidemiology. DAAC was first
described by Schlesinger in 1835.3 He found a
severely hypoplastic suprarenal aorta in a 15-year-old
girl who had obviously died of congestive heart fail-
ure. In his 1937 case report of an 18-year-old
woman with infrarenal coarctation,4 Maycock dis-
cussed fewer than 10 patients with atypically local-
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Surgery Complications Reintervention Follow-up (yr) Status
Aortic patch, vein 7 yr: LRA bypass S at 7 yr: patch LRA 25 NT
bypass LRA aortic anastomosis bypass
Explorative — — — Death during
laparotomy, surgery
exsanguination
Interposition — — 21 FOS, died of
graft cardiovascular
disease
TAAAB, Dacron — — 19 NT
bypass RRA
Interposition graft — — 18 FOS
Aortic patch, vein 17 yr: LRA bypass A at 17 yr: LRA repeat 18 NT
bypass LRA aortic anastomosis bypass (PTFE)
TAAAB, PTFE — — 16 NT
bypass RRA,
vein bypass LRA
TAAAB, Dacron 8 mo: persisting H; 8 mo: PTFE bypass 15 NT
bypass RRA 13 yr: RRA-A LRA; 13 yr: RNX
TAAAB, LRA — — 14 NT
reinsertion
Aortic patch 11 yr: aortic patch A — 13 FOS
TAAAB — — 9 NT
TAAAB — — 9 NT
TAAAB — — 7 NT, FOS
PTA unsuccessful, 6 yr: RRA-S Refused repeated 7 H
then TAAAB operation
TAAAB — — 4 H easily
controlled
ized aortic coarctations. He suggested a congenital
origin of this malformation as a result of incomplete
or unequal fusion of the two dorsal aortas during
fetal life. 
The double-channel aorta we found in one of
our patients (patient 14; Fig. 1) may provide further
evidence of this theory. Few patients with double-
channel aortas have been reported.5,6 Some
authors,7,8 however, describe single common ostia
of lumbar arteries in series of hypoplastic aortas that
might represent abortive forms of DAAC.
Furthermore, DAAC has been diagnosed in very
young children9-12 and in association with the con-
genital rubella syndrome.13
On the other hand, some cases of nonarteritic
DAAC are obviously acquired, being associated
with neurofibromatosis,11,14-26 fibromuscular dys-
plasia, retroperitoneal fibrosis,31,32 Williams’ syn-
drome,30 Marfan’s syndrome,20 and mucopolysac-
charidosis.33,34 In our series, three patients (patients
7, 8, and 12) presented with typical clinical features
of neurofibromatosis; another (patient 6) had
histopathologic evidence of fibromuscular dysplasia
of the aorta and of her left renal artery.
DAAC is a rare malformation; in 1969, Onat35
estimated a relative frequency of 1:62,500 unselect-
ed deaths. In radiologic, surgical, and autopsy series
of patients with coarctation, coarctation distant from
the aortic isthmus was found in 0.5% to 1.5%.36-39
Because of its rarity, little is known about the natur-
al course of DAAC. It is widely believed that mean
survival rates are not better than those for untreated
typical coarctation.25,35
Clinical features. Depending on the localiza-
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Fig. 1. (Patient 14) Suprarenal double channel aorta. (A) Preoperative angiogram: aortic doubling begins at the level
of the tenth thoracic vertebra. The left aortic channel feeds a hyperplastic celiac trunk, and the superior mesenteric artery
is occluded. The right aortic channel is stenosed at the level of the diaphragm. The interrenal and infrarenal aorta and
both renal arteries are of normal caliber. (B) Spiral CT with three-dimensional reconstruction at 7 years: well-function-
ing TAAAB, but there is visualization of a newly developed filiform stenosis of the right renal artery.
tion of the coarctation and on eventually associated
renal and splanchnic arterial involvement, DAAC
may cause very different symptoms and findings.
Patients with suprarenal and interrenal aortic lesions
will present with renovascular hypertension, espe-
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cially if the renal arteries are also stenosed in interre-
nal coarctation. Elevated creatinine levels, however,
have seldom been reported.40-42 Abundant collater-
al vessels from intercostal and internal thoracic arter-
ies develop in these mostly inherited coarctations,
Fig. 2. (Patient 10) Infrarenal segmental coarctation. (A) Preoperative angiogram: spindle-shaped infrarenal coarctation
above the bifurcation. (B) Postoperative angiogram: patch angioplasty has resulted in restoration of normal aortic width.
(C) Spiral CT at 11 years: dysplastic calcification of dorsal aortic wall in the region of the former coarctation. Small patch
aneurysm.
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preventing the patients from experiencing lower
extremity claudication.43,44 These collateral vessels
often cause thoracic murmurs and notching of the
lower ribs. To our knowledge, there is no well-
documented case of ischemic bowel symptoms in
DAAC, although abdominal angina is not infre-
quently seen in patients with abdominal aortic
stenoses due to Takayasu disease.45
Patients with hemodynamically significant
infrarenal coarctation may have bilateral lower
extremity claudication. Because of superior-to-infe-
rior mesenteric arterial collateralization, these
patients are more likely to be diagnosed at an older
age than are those with severe renovascular hyper-
tension due to suprarenal or interrenal stenoses.
Aortic aneurysms associated with DAAC are
rare.12,46 Even in neurofibromatosis, in which renal
arterial aneurysms frequently occur in patients with
renal arterial stenoses,15,19,25 aortic aneurysms have
not been reported. One of our patients (patient 2) is
believed to be the only one with DAAC and rup-
tured poststenotic aortic aneurysm so far reported. 
Therapeutic alternatives and long-term
results. The few patients with only minor symptoms
due to DAAC can be managed expectantly.47 In most
cases, surgical reconstruction is necessary because of
otherwise uncontrollable hypertension, disabling
claudication, or poststenotic aneurysm. Young
patients with severe hypertension are particularly at
risk of complications, such as ischemic stroke, intrac-
erebral hemorrhage, myocardial infarction, and pul-
monary edema. Most patients with uncorrected
DAAC will die before the age of 40 years.25,35
In short spindle-shaped aortic lesions, especially
in the suprarenal and infrarenal position, patch
angioplasty or even percutaneous dilation may be
adequate for restoration of complete patency. It has
been suspected, however, that patching or balloon-
ing a dysplastic aortic segment might cause long-
term complications. In fact, among three aortic
patches, we observed a patient (patient 10) develop
mild aneurysmic dilatation after 11 years that had not
yet required operative repair. In the literature, there
is a report of two patients with DAAC who died at
the ages of 3 and 17 years of rupture of aortic patch
aneurysms.15,48 There are only a few patients in
whom percutaneous dilation of DAAC was
tried.18,49-52 Percutaneous dilation has not always
been successful, especially when additional renal arte-
rial stenoses were also dilated.11,49,52,53 One of our
patients (patient 14) had unsuccessful percutaneous
dilation of his double-channel aorta at another insti-
tution before operation. Long-term follow-up infor-
mation concerning patients who underwent percuta-
neous dilation is not available from the literature.
In long segmental hypoplasia and in interrenal
stenoses, bypass or interposition grafts often are nec-
essary to correct aortic pathology. In nine patients,
we implanted TAAAB including an ascending-to-
infrarenal aortoaortic bypass.54-56 Even in isolated
thoracic coarctations, interposition grafts were
avoided due to the risk of ischemic spinal cord dam-
age. There were four minor complications that could
be treated conservatively. Interposition grafts were
implanted in two patients with infrarenal coarcta-
tions. During follow-up, no patient developed com-
plications from TAAAB or interposition grafts. We
are aware of a single case report of late proximal and
peripheral anastomotic aneurysms after TAAAB.57
This patient was successfully reoperated on 19 years
after the initial operation.
In our series, six patients had ostial stenoses of
eight renal arteries. In five patients, complete recon-
structions of aorta and renal arteries were performed
as single-stage operations. Patient 8 had reconstruc-
tion of his left renal arterial stenosis at a second
operation 8 months after TAAAB and right renal
bypass. Reimplantation of renal arteries into the
aorta could not be performed in any of our patients
because of the complexity of some of the lesions or
because of the length of the respective ostial
stenoses. The autogenous saphenous vein was the
preferred material for renal arterial reconstructions.
Alloplastic grafts were used only when sufficient
veins were not available. Revascularization of
splanchnic vessels was not performed because the
obstructions found in three patients were always
asymptomatic and well collateralized. 
Despite the considerable complexity and magni-
tude, single-stage procedures were favored20,56 to
avoid the technical difficulties of secondary recon-
structions. In case of combined coarctations at dis-
tant aortic levels, however, staged procedures may be
performed using the standard techniques described
above.20,58 This may be of considerable benefit for a
patient if the proximal coarctation can be repaired by
thoracotomy and the peripheral coarctation can be
repaired by laparotomy alone. Very long aortic
hypoplasias involving the complete descending tho-
racoabdominal aorta or extensive infrarenal coarcta-
tions with hypoplasia of both iliofemoral arteries
sometimes are not suitable for surgery.59
There are few reports of the results of surgery in
10 or more DAAC patients. In four single-center
studies20,56,60,61 that included 46 patients, the peri-
operative mortality rate was 2% although single-
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staged procedures were performed in most of the
patients. Thirty-six patients (78%) were normoten-
sive, cured of claudication, or both. Recurrent
hypertension due to renal arterial bypass stenoses
was reported in 4 of 15 patients (27%) followed for
5 to 14 years.60 These results are quite comparable
with ours in that we found a left renal arterial bypass
stenosis at the aortic anastomosis at 7 years (patient
1) and a peripheral and an aortic anastomotic
aneurysm of two renal bypasses at 13 (patient 8) and
17 (patient 6) years. Two of our patients had suc-
cessful repeat operations (anastomotic patch and
repeat bypass); a third patient had right nephrecto-
my after ex situ reconstruction of his large hilar
aneurysm turned out to be impossible. A fourth
patient (patient 10) was found to be hypertensive
again at 6 years due to stenosis of his right renal arte-
rial, which was documented as normal on preopera-
tive angiography.
In conclusion, in most cases surgical correction
of thoracoabdominal aortic coarctation can be done
as a single-stage operation with low morbidity and
mortality rates. Reconstruction of all renal arterial
stenoses is essential for cure of hypertension. If
asymptomatic, obstructions of splanchnic arteries
may be left untreated. Consequent clinical follow-
up, including angiography or CT, is recommended
to early detect recurring renal arterial pathology and
anastomotic or patch aneurysms.
We are indebted to Professor Jörg F. Vollmar for
allowing us to report on patients who were operated on
while he was head of the Department of Vascular,
Thoracic, and Cardiovascular Surgery, University of Ulm. 
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